Background: To establish a reference interval of alkaline phosphatase for healthy children of various ethnicities, aged 0 years to 12 years in China.
Thus, increased ALP concentrations are derived from tissues that are functionally disturbed (obstructed liver) or greatly stimulated (growing bone). Abnormally low concentrations are far less common and are more likely related to a genetic condition or nutritional deficiency.
Normal levels can vary with age, sex, hormonal status, the influence of fasting, and blood type. ALP may be elevated in conditions involved in bone formation or increased bone turnover. In children, serum ALP concentrations are considerably higher than in adults and those concentrations correlate with the rate of bone growth. ALP levels are mildly elevated relative to adult levels during the first 3 months of life, increase 2-to 3-fold at puberty, and remain above the adult level for 1 or 2 years. However, defining pediatric reference intervals (RIs) is one of the most difficult tasks in our profession. 1 The continuously changing physiologic characteristics of growing children make their laboratory values difficult to quantify. Therefore, little research has been devoted to establishing RIs for healthy children. Currently, there is no suitable ALP reference range for healthy children, to our knowledge, which makes the diagnosis, treatment, and prognosis of some diseases in children more challenging. Some laboratories use RIs that have been adjusted from antiquated intervals or obtained from the literature without being verified in the relevant population. 
Materials and Methods

Ethics Statement
This study was approved by the Clinical Research Ethics Committee of Jiangsu Provincial Hospital of Chinese Medicine, Jiangsu, China. We obtained a completed questionnaire and written informed consent from the parents of all children in the cohort before this study.
Criteria for Reference Individuals
Eligible individuals (n ¼ 502) were recruited from the outpatient or physical examination population at our hospital (n ¼ 904), and children aged 0 to 12 years, who were seen from February 2014 through November 2014, were evaluated for inclusion. The inclusion criteria were as follows: lived and studied in Jiangsu, reported feeling healthy, had normal nutritional status (balanced nutrition, no excessive or malnutrition), and had no history of major trauma or medication. Exclusion criteria included the following: any liver or gallbladder diseases, such as obstructive jaundice or acute or chronic jaundice hepatitis; any bone disease, such as osteitis fibrosa, osteogenesis imperfecta, rickets, osteomalacia, or bone metastasis, and fracture-healing period; diagnosis of kidney disease or congenital hypothyroidism (sometimes known as congenital myxedema); or any of the laboratory exclusion criteria provided in Table 1 .
Blood Sampling and Measurement
According to standard operating procedures for collection, we collected blood specimens from children between the hours of 7:00 AM and 10:00 AM. The study was to be performed on individuals who were fasting, so a high fat diet was forbidden for children aged 6 to 12 years the day before the overnight fast and after the fast for 8 hours to 12 hours. (ALP levels are increased in some individuals by eating a meal.) Children aged 0 to 6 years fasted for 3 to 6 hours; we rejected specimens from nonfasting individuals. Blood (total of 3 mL) was collected for each child in a serum separator gel tube (VACUETTE, Greiner Bio One International GmbH) for biochemical assays. After collection, we separated the serum via centrifugation at 2450g for 10 minutes at room temperature. Any specimens with visible hemolysis, lipidemia, or jaundice were rejected. Subsequently, serum measurements were performed within 4 hours of collection. Screening specimens (n ¼ 502) were measured using the International Federation of Clinical Chemistry (IFCC)-compatible method for the catalytic activity measurement of serum ALP in the Beckman AU5800 (Beckman Coulter, Inc) system. All measurements were performed in accordance with the standard, routine operation protocols of the clinical laboratory.
Measurement Analysis
We enacted performance verification of precision and trueness for the Beckman system before measuring reference specimens according to the recommendations outlined in Clinical and Laboratory Standards Institute (CLSI) document EP15-A2. 4 Two pools of fresh frozen serum (approximately 99 U/Land 175 U/L, respectively) were measured for precision. Both were measured as the control specimens before and after measuring each batch of reference specimens. Trueness was verified by the Proficiency Testing of National Center for Clinical Laboratories.
Statistical Analysis
According to the C28-A3 guidelines, a test proposed by Dixon has become fairly well known in the reference value estimation, namely, the ratio D/R, where D is the absolute difference between an extreme observation (large or small) and the next largest (or smallest) observation and R is the range of all observations, including the extremes. If the observed value of D were equal to or greater than onethird of the range, R, the extreme observation would be deleted; otherwise, all data were kept. After treatment, 1 girl and 2 boys were excluded from the cohort.
Due to the different forms of data distribution, there are differences in the establishment of RIs. We evaluated whether the data were normally distributed with the Kolmogorov-Smirnov test. When the data matched a normal distribution, the probability distribution curve of Gauss was observed, and the RI was determined using the normal distribution method. When the data were not normally distributed, the RI was calculated using a simple nonparametric method for the low and high reference limits, referring to 2.5% and 97.5%, respectively, of the distribution of the reference values. All calculations were performed with SPSS software, version 19.0 (SPSS Inc) and Microsoft Excel 2010 (Microsoft Corporation).
Results
Performance Verification for the Beckman AU5800 System
The first step towards establishing reliable RIs was to examine the precision of the measurements made on the Beckman AU5800 system, within a run and over time. The precision values of the within-run and within-laboratory measurements for ALP were less than the allowable error at our laboratory (615%). We verified the trueness of the system for the serum ALP measurement for clinical use ( Table 2 ).
Age and Sex Affect the Distribution of Reference Values
Values were obtained from all eligible participants (n ¼ 502). Only 3 extreme values were detected or discarded as outliers. The distribution of reference values was first assessed based on sex ( Table 3 ). The histograms ( Figures  1A and 1B) demonstrated that the ALP test results for boys and those for girls have a left skewed distribution. A total of 499 subjects (boys, n ¼ 272; girls, n ¼ 227) were identified as acceptable for inclusion in the cohort and chosen for use in calculating the RI for serum ALP ( Figure 1C) . When we performed t testing, P> .05 indicated that there was no significant difference according to sex; as a result, we combined the groups. Calculated from the proficiency testing results from the year 2013. In contrast, the specimen level was approximately equal to the precision level. We divided the children into 4 groups according to the following growth characteristics: aged 0 to 1 year old (n ¼ 34), aged 1 to 3 years (n ¼ 182), aged 3 to 6 years (n ¼ 108), and aged 6 to 12 years (n ¼ 175). The difference between groups was compared by analysis of variance. As shown in Table 4 , there was no significant difference among the groups aged 0 to1 year, 1 to 3 years, and 3 to 6 years (P> .05), and there were significant differences between the group aged 6 to 12 years and the other 3 groups (P <.01). As a result, the first 3 groups should be combined into a single group: aged 0 to 6 years (n ¼ 324).
Reference Intervals for Normal Serum ALP
The distribution of reference values was assessed based on age ( Table 4) . The histogram ( Figure 1D ) demonstrates that the group of infants/children aged 0 years to 6 years has a left skewed distribution. The lower and upper limits of the RI are determined by the 2.5 percentile and 97.5 percentile; as a result, the RI of the group aged 0 to 6 years is 81.9 U per L to 350.3 U per L. The Kolmogorov-Smirnov test (P> .05) indicates the data from the group aged 6 to 12 years follow a normal distribution pattern. The normal distribution method was used to determine the reference interval for this group; that value was determined to be 48.8 U per L to 445.9 U per L ( Table 5 ).
Discussion
The role of the clinical laboratory is to provide information for screening, diagnosing, and monitoring the disease. This effect requires a suitable RI as an evaluation criterion; otherwise, there is no clinical significance. Because reliable RIs are critical for minimizing misdiagnoses for a number of diseases worldwide, the clinical laboratory needs to provide appropriate RIs for the clinical diagnosis and treatment of disease. According to ISO 15189.2012, "Medical laboratories-Requirements for quality and competence," the laboratory should periodically review the biological RIs. If the laboratory has reason to believe that a particular interval is no longer appropriate for the reference population, an investigation should be undertaken, which should be followed, if necessary, by corrective action. 5 According to CLSI guideline C28-A3, 502 children aged 0 to 12 years in our hospital or outpatient setting were selected. Their serum ALP levels were assessed to establish the biological RI. We performed strict calibration of a Beckman AU5800 automatic biochemical analyzer and a perfect quality-control procedure during the testing process. Finally, we obtained 499 qualified specimens through outlier detection and we analyzed and discussed the data. Considering that sex may influence the RI distribution, we first divided children into separate groups of boys and girls. However, because there was no significant difference between these groups (P> .05), they should share a common RI. Subsequently, according to the growth characteristics of the children (during infancy, early childhood, preschool age, and school age), we divided the children into the following age groups: 0 years to 1 year, 1 to 3 years, 3 to 6 years, and 6 years to 12 years. Through statistical analysis, we found no significant difference between the former 3 groups (P> .05), so we combined them. The age group 6 to 12 years was significantly different from the other 3 groups (P <.01). As a result, a separate biological RI was determined for this group. From this group, we obtained the biological RIs of 81.9 U/L to 350.3 U per L for children aged 0 to 6 years and 48.8 U per L to 445.9 U per L for children aged 6 to 12 years. In addition, in the process of establishing the RIs, the group of children aged 0 to 6 years demonstrated a left skewed distribution. As a result, the biological reference interval was determined by the 2.5 th and the 97.5 th percentiles, which is consistent with the method reported by the Health Ministry of China. 6 The normal distribution of the group aged 6 to 12 years can be directly determined by the formula x 61.96 s, which includes the estimated range of 95% of individual values.
When we compared the aforementioned 2 RIs, the latter range was wider than the former, which may be happening due to children in school experiencing rapid physical development. Also, the ALP values appear to be physiologically increased. Another possible reason is that the group aged 0 years to 1 year that had a relatively small sample size could not comprise a separate group. In Table 5 , the RIs are close to the results by Arcara, 7 higher than the results reported by Cho et al, 8 lower than the results by Buchanan et al 9 and much lower than the results by Marwaha et al (data not shown). 10 The results of the aforementioned reports reflected the RIs of ALP for healthy children in the United States, South Korea, Tanzania, and India, respectively, and our data are from the middle and lower reaches of the Yangtze River region in China.
According to these results, the differences in the results may be explained by geographical, ethnic, eating habit, and instrument platform differences. In addition, due to the differences in methods, such as instruments and reagents, the number of selected groups can alter the conclusions. However, it is most important to establish an RI for the laboratory and the local population.
Based on the results of this study, a discussion will be organized by the medical administration division, which asked the senior physicians of the laboratory and clinical departments to collaborate in clinically evaluating the biological RI. Eventually, the RI will be applied to clinical practice, to provide a more reliable and accurate reference range for diagnosing diseases in children. LM
